Study Objectives: This study examined changes in sleep parameters between the laboratory and the home setting before and after laboratory monitoring in depressed insomniacs undergoing treatment. Methods: This study was a post hoc analysis of a double-blind, randomized, placebo-controlled clinical trial performed with 60 depressed, insomniac outpatients. Patients underwent actigraphic monitoring along with sleep diaries over a continuous 2-week period. After one week of baseline monitoring, subjects spent one night in the laboratory with concurrent actigraphic and PSG monitoring with sleep diaries. Actigraphic monitoring and sleep diaries were continued for another week at home, along with initiation of open-label fl uoxetine (FLX). Results: Actigraphically recorded laboratory sleep during the night in the laboratory was found to be improved relative to actigraphically recorded sleep at home, with less wake time and greater sleep time and sleep effi ciency occurring in the laboratory. In contrast, sleep diaries indicated a slight worsening of sleep in the laboratory compared to home, with signifi cantly more awakenings in the laboratory compared to the week at home before and after the laboratory night. 
M
any individuals experience worse sleep during their fi rst night in a sleep laboratory than on successive nights. This "fi rst night effect" (FNE) is typically characterized by increased sleep onset latency, increased REM latency, a lower percentage of REM stage sleep, and lower sleep effi ciency as measured by polysomnography (PSG). While many studies have observed the FNE phenomenon in normal subjects and in those with depression or insomnia, [1] [2] [3] others have observed a reduced or absent FNE. [4] [5] [6] It has been suggested that factors such as the location of monitoring or pleasantness of the laboratory environment may attenuate this effect, or that individual variability may cancel out differences for entire samples. 5, [7] [8] [9] [10] Many studies observing a FNE have also noted a "paradoxical" or "reverse" fi rst night effect (RFNE) in some of their subjects. [11] [12] [13] [14] The RFNE is characterized by the observation of decreased sleep onset latency, decreased REM latency, a higher percentage of REM, and greater sleep effi ciency in the fi rst night at the laboratory relative to successive nights, as measured by PSG. 13 For insomniacs who demonstrate this phenomenon, several explanations have been proposed. Hauri et al. suggested that maladaptive reinforcements are formed between the insomniac's sleeping problems and their normal sleep environment. 13, 15 This conditioned arousal reaction to their normal sleep environment does not generalize to the novel sleep environment of the laboratory, where they fall asleep more easily. Alternatively, de la Pena proposed that some insomniacs require a higher level of waking sensory stimulation to induce sleep, and the greater sensory stimulation of the novel laboratory environment improves their sleep. 16 Studies investigating sleep laboratory adaptation effects have typically focused on comparing the fi rst night of sleep in the laboratory with successive nights in the laboratory. In the explanations for the RFNE postulated by Hauri et al. and de la Pena, one assumption is that sleep during the fi rst laboratory night is not only better than sleep during successive nights in the laboratory, but also better than sleep at home; however, this assumption has not been tested. Studies on the FNE comparing home sleep monitoring with laboratory sleep monitoring have typically compared the fi rst night at home to successive nights at home. 5, [17] [18] [19] [20] None to our knowledge have directly compared sleep in the laboratory with sleep at home before and after laboratory monitoring.
BRIEF SUMMARY
Current knowledge/Study Rationale: Actigraphy and subjective sleep reports are used to measure sleep continuity, but few studies have compared these methods in both home and laboratory environments. This study analyzed differences between sleep continuity in the laboratory and sleep at home before and after laboratory monitoring using actigraphy, PSG, and subjective sleep reports, in depressed insomniacs undergoing treatment. Study Impact: This study found that the presence of a fi rst night effect versus a reverse fi rst night effect depended upon the measurement modality used. Measurement of sleep using actigraphy and sleep diaries produced contradictory patterns of sleep continuity between home and laboratory settings in this sample of depressed insomniacs.
daytime sleepiness, absence of significant restless leg symptoms, and absence of substance abuse or medical illnesses likely to interfere with sleep. 32 A confirmation diagnosis of unipolar MDE per Structural Clinical Interview for DSM-IV (SCID) was made during the first face-to-face visit after > 7 days of abstinence from all psychotropic medications (4 weeks for FLX). 33 After baseline monitoring with PSG, participants with significant sleep apnea (apnea-hypopnea index [AHI] > 15) or clinically significant periodic limb movement (PLM) disorder (PLM-arousal index [PLMAI] of > 15) were excluded.
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Measurements of Sleep
The measurements of sleep continuity variables for this study included self-reported sleep diaries and actigraphy. PSG data were also obtained during laboratory monitoring nights.
Actigraphy
Participants continuously wore a Mini Mitter actigraphy monitor (AW64 Actiwatch) on their non-dominant wrist for the duration of the study. The AW64 output was scored using the proprietary Actiware Software, version 5.0. The medium sensitivity setting at 30-sec epochs was used for actigraphic data. The first week of the study collected baseline data prior to beginning treatment. The laboratory monitoring period occurred at the end of the first week, and was timed to begin at each participant's median bedtime as defined from prospective diary collection of the week prior. Actigraphic data for the second week was collected at the end of that week. Weekly averages of sleep variables obtained from week 1 and week 2 were computed from actigraphy software algorithms.
Sleep Diaries
Participants were instructed to keep prospective, daily sleep diary entries of their bedtime, sleep latency, number of awakenings, WASO, TST, and rising time for the duration of the study. Sleep diaries were collected at the end of each week and at the end of the laboratory monitoring night between week 1 and week 2. Participants also completed the Insomnia Severity Index (ISI) at baseline. Higher scores on the ISI represent greater degrees of insomnia. 35 Sleep parameters obtained from actigraphic recordings and sleep diaries included SOL, number of awakenings, WASO, and TST. Actigraphic recordings additionally obtained sleep efficiency (SE) and rest period data.
PSG
At the end of their first week, participants completed one night of 8-h PSG in the sleep laboratory for baseline data collection. At this time participants were free of psychotropic medications for > 2 weeks. PSG was started at their median bedtime as defined from the prospective diary collection. The PSG montage included 4 EEG channels (C3-A2, C4-A1, C3-O1, and C4-O2), left and right EOG, chin EMG, right and left anterior tibialis EMG, EKG, nasal thermistor, oral thermistor, respiratory effort, and pulse oximetry. The PSG data were digitally collected on a VIASYS SomnoStar system. Scoring was completed according to standard criteria, and was blind to participant identity. 36 Also, studies reporting a RFNE in insomniacs have largely excluded patients with significant psychiatric illnesses such as depression; however, it has been shown that insomnia and depression are frequently comorbid conditions, with over 90% of depressed patients suffering from sleep complaints. 21, 22 Some studies on first night adaptation effects in depressed patients have observed a reduced or absent FNE 2, 9, 23 ; however, it is unknown whether patients suffering from both insomnia and depression exhibit similar laboratory adaptation effects as those suffering from only one of these disorders.
The aim of this study was to analyze differences between sleep continuity variables in the laboratory and sleep at home before and after laboratory monitoring using actigraphic monitoring and sleep diaries, in subjects undergoing a 9-week clinical trial of simultaneous treatment of major depressive episode (MDE) with open-label fluoxetine (FLX) and insomnia with eszopiclone (ESZ) or placebo. Actigraphy was used as an objective sleep measurement method because of its utility as a noninvasive, cost-effective method of capturing sleep intervals over the entire 10-week course of the study. Although the use of actigraphy is controversial in some populations, including insomniacs, [24] [25] [26] it has been indicated by the American Academy of Sleep Medicine as a valid method to characterize sleep patterns in insomnia. 27 In previous analyses of this sample, actigraphy was found to provide a close approximation to polysomnography (PSG) in measurements of sleep onset latency (SOL), wake time after sleep onset (WASO), total sleep time (TST), and sleep efficiency (SE). 28 Although actigraphy and subjective reports provide a far less invasive way to test differences between familiar and novel sleep environments, few studies have used actigraphy or subjective reports in testing the FNE, and those studies did not report a FNE with these methods when used at home. 18, 29 This study thus also examines the utility of actigraphy and subjective reports in capturing changes between home and laboratory environments.
METHODS
This is a post hoc analysis of a study whose primary endpoint was quality of life; full details of the research protocol are described elsewhere. 30 Briefly, 60 patients diagnosed with both insomnia and MDE underwent a week of continuous baseline data collection with actigraphy and sleep diaries, followed by one night in a sleep laboratory with actigraphy, sleep diary, and polysomnographic data collection. This was followed by a second week of continuous data collection with actigraphy and sleep diaries. During this second week of the study, subjects also began the clinical treatment component of the study with the initiation of open-label FLX monotherapy, starting at 20 mg each morning.
Subjects
Sixty participants aged 19-64 years participated in the study. At baseline, participants either (a) reported sleep latency > 30 min and sleep efficiency < 85% at least 4 nights per week, or (b) met Research Diagnostic Criteria (RDC) for insomnia ≥ 4 nights per week. 31 Phone screening confirmed a body mass index (BMI) ≤ 35, absence of habitual snoring or during week 2 compared to laboratory night 1 (p < 0.005). SOL, WASO, and TST showed nonsignificant improvements during week 2 relative to laboratory night 1.
Analysis
Post hoc analyses of the differences between sleep continuity variables at home and sleep in the lab were performed using SAS JMP (version 8.0) data analysis software. Basic analytic approaches included two-tailed paired t-tests to calculate whether the difference between home and laboratory sleep parameters were different from "0." For all analyses, a two-tailed p-value < 0.05 was considered statistically significant.
Using this approach, we compared the mean values of sleep parameters during the first week of the study to the values obtained during the first night of laboratory testing, which occurred at the end of the first week. We also compared the laboratory values of that night with the mean values of the week afterwards. The rest period as recorded by actigraphy was also compared between home and laboratory environments, as differences in the rest period may potentially impact differences in the total amount of sleep and sleep efficiency seen between sleeping environments. Bonferroni corrections were applied to address the problem of multiple comparisons, with p < 0.005 required to achieve significance.
RESULTS
Patient Demographics and Baseline Symptoms
The overall randomized sample was middle-aged, two-thirds women, and 23% minorities. The baseline severity of insomnia as reflected by the Insomnia Severity Index (ISI) was in the moderate range, while depression severity as reflected by the Hamilton Rating Scale for Depression (HRSD) was in the moderate to severe range. 37 Most participants experienced MDE of the melancholic subtype ( Table 1) .
Actigraphy
In the analysis which compared week 1 mean values with laboratory night 1 values (following week 1), actigraphic recordings for laboratory night 1 demonstrated improved sleep for all parameters, except the number of awakenings, compared to the mean values of week 1 (p < 0.005), including a significantly shorter SOL, shorter WASO, and longer TST. There was no significant difference between the duration of the rest period between week 1 and laboratory night 1 ( Table 2) .
Mean actigraphic recordings for week 2 (following laboratory night 1) demonstrated significantly longer mean SOL and shorter TST compared to laboratory night 1 (p < 0.005). The number of awakenings was also higher for week 2 than laboratory night 1, but this difference was not significant. As before, there was no significant difference between the duration of the rest period between laboratory night 1 and week 2 ( Table 2) .
Sleep Diaries
In contrast with actigraphy, sleep diaries recorded slightly worse sleep in the laboratory compared to home ( Table 3) . For the analysis between week 1 and laboratory night 1, sleep diaries recorded significantly more awakenings in the laboratory relative to the week prior (p < 0.005). Differences for SOL, WASO, and TST recorded by sleep diaries were not significant. The mean number of awakenings was also significantly lower tion of a lower quantity of self-reported sleep obtained in the laboratory relative to home, with the exception of sleep latency. The actigraphic results support the hypothesis that some insomniacs may sleep better in the laboratory setting than at home. 13, 16 While previous studies have supported this hypothesis only by demonstrating worsening of sleep from the first night to successive nights, this study directly compared actigraphic sleep at home versus the lab, and found that actigraphic sleep was better in the laboratory than at home. Unlike Hauri's finding that insomniacs demonstrating a RFNE were less depressed than those demonstrating a FNE, the current study observed a RFNE with insomniacs diagnosed with depression. However, the authors noted in their study that patients diagnosed with mood disorders other than dysthymia were typically excluded by their selection process. 13 As Hauri et al. suggested, the RFNE effect may be due to maladaptive associations of insomnia, formed in the normal sleeping environment of the insomnia patient, that are then disrupted by the novel sleeping environment of the lab. 13 Alternatively, the Table 4 provides data for polysomnography measurements, as well as actigraphy and sleep diaries, for all subjects during the laboratory monitoring session.
Polysomnography
DISCUSSION
The results of this study found that, overall, actigraphic sleep measurements demonstrated significantly increased sleep time and decreased wake time in the laboratory relative to the home environment; all nonsignificant differences occurred in the same direction of a greater quantity of actigraphic sleep in the lab relative to home. In contrast, sleep diary variables showed significantly increased number of awakenings in the laboratory relative to home; nonsignificant differences occurred in the same direc- increased sensory stimulation of the novel sleep environment and monitoring equipment may provide better sleep in those insomniacs whose poor sleep may be caused by "information underload" in their normal sleep environment. 16 A third possible explanation is related to the nature of the sleep laboratory, as it has been suggested that the quality of the sleep environment and staff interactions may have an effect on sleep in a laboratory setting. 7, 8 The laboratory environment used for this study was underground and sound attenuated, with little ambient light and simple bedroom furnishings; it is possible that this setting facilitated better sleep than the patients' normal sleep environment.
In contrast to the actigraphic data, sleep diaries indicated no significant changes between self-reported sleep in the laboratory setting except an increased number of awakenings in the laboratory setting. Actigraphic differences between home and In summary, the present study found that the first night in the laboratory resulted in better actigraphic sleep for this sample of depressed insomniacs, but slightly worse self-reported sleep as measured by sleep diaries. These results emphasize the importance of using multiple methods for measuring sleep continuity in populations of patients such as those with depression and insomnia, particularly in the assessment and diagnosis of sleep problems. It may be that the discrepant results between objective and subjective methods frequently seen in insomniacs are influenced by the laboratory setting. While comparisons between actigraphy and the gold standard of PSG have found that actigraphy data more closely mirrored PSG data than did sleep diaries, this study revealed significant differences between the laboratory and home for actigraphic sleep that were not reflected in sleep diaries, calling into question whether actigraphy is appropriate for all monitoring environments. It may be that actigraphy has better application as a monitoring tool in the home than in the laboratory, especially when PSG monitoring equipment may influence body movement and thus affect actigraphic sleep recording. It must also be noted that although this sample as a whole demonstrated a strong RFNE by actigraphic measurements, a small number of individual subjects may have demonstrated variable results that included FNE or no adaptation effects at all. Further research is needed in comparing sleep in the laboratory with sleep at home using actigraphy and sleep diaries to determine if this phenomenon is truly a "reverse" first night effect. laboratory were much greater than the differences for sleep diaries, showing a strong reverse first night effect measured by actigraphy, and a weak first night effect measured by sleep diaries.
There are several possible explanations for these discrepancies. Differences between objective and subjective measurements of sleep are commonly reported in insomniacs. In studies using PSG, patients with insomnia are noted for underestimating their total amount of sleep and overstating sleep latency, compared to PSG. 3, 38 Insomniacs often report a degree of sleep disturbance not reflected in PSG sleep, and may report improvements also not reflected in PSG sleep. 39 A previous study by Saletu et al. also found that FNE observed with PSG was not reflected in subjectively experienced sleep quality. 18 Therefore, it might be concluded that these depressed insomniacs underestimated their self-reported sleep in the laboratory relative to actigraphy.
Another possibility is that participants accurately portrayed their self-reported sleep as being slightly worse in the laboratory, while actigraphy falsely recorded better sleep in the laboratory. This might occur if the presence of PSG monitoring equipment caused participants to lie awake but still, thus leading to incorrect recording of sleep continuity by actigraphy. This is supported by the fact that the differences between home and laboratory measurements were much greater with actigraphy than with the sleep diaries. To address the validity of actigraphy versus PSG and sleep diaries in the laboratory, previous analyses of this sample have been performed to compare these methods. 28 In those analyses, it was found that sleep diary measurements were significantly different from PSG in variables of SOL, WASO, and TST, whereas actigraphy and PSG were not significantly different for those variables. Because it was found that actigraphic sleep provided a closer approximation to PSG sleep than did sleep diaries during the laboratory night in this sample, it may be concluded that the lack of agreement between actigraphy and sleep diaries may be due more to subjective misperception of sleep duration in this sample of depressed insomniacs, rather than actigraphy falsely recording sleep continuity when subjects are lying awake but still.
This study was limited by a number of factors. One general limitation was that there was no systematic measurement of daytime sleeping that could have affected nighttime measurements of sleep at home. Also, the study was conducted with thermistor technology without a nasal pressure transducer, so it is possible the extent of sleep apnea in this sample was underestimated. Given the high proportion of comorbid anxiety in this sample, it is possible that anxiety may also have influenced some of the effects noted in this study. However, trait anxiety and bedtime state anxiety have each been more closely associated with FNE rather than RFNE. 13, 14 In our analyses, the number of direct comparisons between variables introduced the possibility of falsely significant differences; we attempted to reduce this possibility with Bonferroni-corrected significance levels < 0.005.
Measurement-specific limitations may also have affected the results of this study. Choice of actigraphy product and accompanying proprietary algorithm, sensitivity level, use of non-dominant versus dominant wrist, and the analysis of the first night in the sleep lab may have affected our actigraphic findings. In regards to sleep diaries, it is possible that changes
